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We posit the existence of the ‘Marshland’ within string theory. This region is the boundary between the
landscape of consistent low-energy limits of quantum gravity, and the ‘swampland’ of theories that cannot be
embedded within string theory because they violate certain trendy and obviously uncontroversial conjectures.
The Marshland is probably fractal, and we show some pretty pictures of fractals that will be useful in talks. We
further show that the Marshland contains theories with a large number of light axions, allowing us to cite lots
of our own papers. We show that the Marshland makes up most of the volume of the landscape, and admits a
novel, weakly broken Z2 ‘Marshymmetry’ that we nd strong evidence for by considering a carefully crafted
example.
I. INTRODUCTION
The string theory landscape [1, 2] was a really trendy topic
about 15 years ago, because it seemed it could have some-
thing to say about the cosmological constant problem, and
dark energy was also trendy then [3]. People got pretty
bored of it after a while, because it’s really hard to do com-
putations in string theory [4], and it was generally felt that
quantum gravity owes us to be more elegant anyway. Re-
cently, however, there has been a surge of renewed interest
in landscape-related problems, mostly because it has been re-
alised that to make citationally rewarding progress, it suf-
ces to boldly conjecture that incisive advances have been
made. Far-reaching and poorly dened conjectures are par-
ticularly useful because they can stimulate vigorous debates
about both their assumptions and consequences, and ideally
lead to an innite series of improved conjectures. All the
while deferring the doing of serious and consequential work
to experimentalists. It is in this spirit that we continue.
II. THE MARSHLAND
The Swampland is dened as the set of apparently con-
sistent low-energy eective eld theories that cannot con-
sistently be embedded into quantum gravity1 [5]. It has be-
come really popular to try to delineate the boundary between
the landscape and the swampland, and to speculate about the
possible consequences [6–155]. This urry of activities is giv-
ing birth to an emerging eld, which can deservedly claim
the designation of Quantum Gravitational Conjecturol-
ogy [156].
Strikingly, while the dichotomy between the landscape
and the swampland has been widely accepted for more than
a decade, few insights from wetland geomorphology have
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1 e.g. string theory. Like most, we couldn’t be bothered looking into the
others.
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FIG. 1. The Marshland comprises the border between the landscape
and the swampland.
yet been brought to bear on quantum gravity. To remedy
this issue, and for no other reason, we Googled the dierence
between a Marsh and a swamp. Swamps typically have trees
and shrubs while Marshes are composed mainly of grasses
and reeds.2 According to a gure we found on Wikipedia
[157], a Marsh can have a swamp to the left and a pretty lake
to the right. We then Googled pictures of landscapes and
found that lots of them also featured pretty lakes. It is then
natural to assert that:
The Marshland conjecture: The Marshland is the outer-
most region of the landscape that comprises the long-sought
boundary to the Swampland.
Figure 1 illustrates our discovery. When we zoom in on the
line in the Venn diagram separating the landscape from the
Swampland, we can naturally t in a picture of the Marsh-
land.
2 Marshes are also known to occur in both Sweden and Great Britain.
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2FIG. 2. Boundaries of complicated things are sometimes fractals, so
the Marshland could well be fractal too.
Boundaries are a key part to the AdS/CFT correspon-
dence [158]. Our conjecture also contains a boundary, so we
think they might be related. We’re denitely smart enough
to write down a metric gab on the boundary and dene con-
formal transformations, Ω, on it, but we won’t. Instead we
will just say that it’s possible to prove that the Marshland
is almost certainly invariant under some group G with rst
homotopy group pi1(G). We don’t use this important re-
sult in the rest of the paper, though we will use a corollary
without stating it. Moreover, holographic arguments have
demonstrated the existence of a ‘bootland’ — a map between
swampland constraints on the AdS side and bootstrap con-
straints on the CFT side [159]. Eerily, we note that boots are
indeed the appropriate footwear in the Marshland.
III. THE MARSHLAND IS FULL OF AXIONS
Axions [160–162] are really interesting to everyone [163],
so let’s see if we can deduce anything about the relationship
of axions to the Marshland.3 In a generic theory of quantum
gravity, the number of axions is constrained during the early
Universe due to the gravitational entropy in the vacuum uc-
tuations of massless elds. Using the entanglement entropy,
Conlon computed the bound [233]:4
√
Nax .
pi
√
13Mpl
fa
, (1)
3 There is a vast literature on axions and related topics. For example, see
the unbiased selection Refs. [163–232].
4 We are a little bit wary of this formula, since it contains the number 13,
and when we checked INSPIRE today we found that Edward Witten has
exactly 13 “unknown” papers [234].
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FIG. 3. The number of light axions, Nax, is one parameter that
is known to control whether a theory is in the landscape or the
swampland. Thus, the theory with the maximum possible number
of axions for a given fa is in the Marshland. This is the critical
number of axions, and it is in general a large number.
where Nax is the number of axion elds, Mpl is the reduced
Planck mass, and fa is the axion decay constant (here for
simplicity assumed to be common to all axions). A theory
violating this bound is conjectured to lie in the swampland.
Thus, we conclude that the Marshland should contain the-
ories with the critical number of axions, saturating the bound
in Eq. 1. This idea is illustrated in the schematic Figure 3. This
critical number depends on the value of the decay constant.
If fa also saturates the Weak Gravity Conjecture [235], then
fa ∼ O(1)Mpl. Taking fa = 1.75Mpl leads to a predic-
tion for the number of axions in this super-critical part of the
Marshland:
Nax = 42 , (2)
which is a pleasing and in no sense contrived result.
“ “Forty-two”, said Deep Thought, with innitemajesty and calm. [236] ”
The Kreuzer-Skarke data base of all reexive polytopes in
four dimensions [237] can be used to make loads of pretty
pictures that may or may not help us visualise aspects of
the string landscape. In order to ll some space and show
o our skills with matplotlib, we produce one here in Fig-
ure 4. The Hodge number h1,1 gives the number of (Kähler)
axions in a Type-IIB Calabi-Yau compactication [238]. Mo-
tivated by our previous calculation, we plot the density of
polytopes around h1,2 ≈ h1,1 ≈ 42. It is clear that for any
given h1,1 there are two populations of polytopes, one with
slightly more members than the other. We believe that this
anticipates a new approximate symmetry in the landscape,
which we will now discover.
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FIG. 4. Frequency of polytopes in the Kreuzer-Skarke database near
h = 42. The diagonal line marks polytopes which are self-dual
under mirror symmetry, and the large star marks the special case
h1,1 = h1,2 = 42, the self-dual polytopes with the critical number
of Kähler axions. There are 216523 such polytopes in the database,
which is disappointing because 216523 is not a very interesting
number.
IV. ON THE COSMOLOGICAL IMPLICATIONS OF THE
STRING MARSHLAND
We now proceed to make some tenuous predictions that
don’t quite follow from our conjecture, and that we may be
rightly suspected to have wanted to reach all along.
The Swampland is clearly bigger than the landscape (see
Fig. 1), and is even likely to be of higher dimension than the
bulk of the landscape (for example, the parameter direction
“number of Leprechauns” is not, so far as we know, a direc-
tion in the landscape, but could well be one in the swamp-
land). The Marshland, being the boundary region, will then
have a dimension in-between that of the bulk of the land-
scape and the Swampland — the Marshland is fractal (as al-
ready demonstrated in Figure 2. Take another look: isn’t it
great?). We expect that most of the volume of the landscape
is in the boundary Marshland, but precision studies of the
geometry of the landscape Venn diagram will be required to
fully settle this question.
Continuous global symmetries are believed to be forbid-
den in the whole landscape, including the Marshland. But
this simply means that the Marshland should contain an ap-
proximate Z2 symmetry that acts non-linearly on world-
lines of certain particularly marshy objects. This predicted
‘Marshymmetry’ is probably emergent from deep string the-
ory consistency relations, because that sounds pretty cool.
Remarkably, hints of the Marshymmetry may be evident
in the braided world-lines of the present authors, cf. Figure 5.
Without the Marshymmetry, an unsettlingly large amount of
ne-tuning or a staggering random uke would be required
to explain how two physicists sharing both given and last
FIG. 5. The approximate Z2 Marshymmetry may well act non-
linearly to interchange the authors’ world-lines, here plotted against
longitudinal angle.
names — the latter itself foretelling the Marshland discovery
— would graduate the same year, work on overlapping topics
(including axions, cosmology, and the landscape, see again
Refs. [163–232]) at sometimes the same institution (at dier-
ent times), and even co-author a paper heralding a new era
in quantum gravitational conjecturology. We interpret this
carefully selected example as strong evidence for the Marsh-
land conjecture.
V. CONCLUSIONS
“ [T]he chances of nding out what really is goingon are so absurdly remote that the only thing todo is to say “Hang the sense of it” and just keepyourself occupied. Science has achieved some
wonderful things, I know, but I’d far rather be
happy than right any day.
Slartibartfast, [236] ”
Despite the heroic eorts in the attempts to conjecture the
deep secrets of quantum gravity, the origin of the neutrino
masses, the solution to the cosmological constant problem,
and the meaning of life, it has generally been felt that some-
thing is still lacking. We have shown that the answer is in
the Marshland. In an innite Universe everything that is
possible, no matter how rare, happens an innite number of
times5. In an innite theory space, similar things happen. For
example, there are innite variations of this paper posted to
the arXiv on days other than April 1st.
5 This is a bit of a counter example to the need for the Z2 symmetry pos-
tulated earlier, but we’re working to a deadline for this joke to work and
are past caring.
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